By combining the techniques of point projection electron microscopy with an ultrafast field emission tip source a simple compact ultrafast electron microscope can be constructed.
(1)
In our apparatus the distance D is fixed at 0.1 m, however, d, can be varied from 10 -2 m to 10 -5 m giving magnifications of 10× to 10,000×.
To test the capabilities of the microscope, a Holey Carbon Quantifoil TEM grid was imaged. It has holes of different shapes and sizes with the smallest having a diameter of 1 micron. The images seen on the electron detector screen are shown in Fig. 2. For Fig. 2a , the tip voltage is -84 V, and there is a large signal entirely due to CW electron emission. When the tip voltage is reduced to -63 V, there is almost zero CW emission and then by irradiating the tip with femtosecond laser pulses an image can be made using femtosecond electron pulses which is shown in Fig. 2b . We investigated the temporal duration of the electron emission from the tip using an autocorrelation experiment 2 and found that the electron pulses are ~100 fs in duration. We also show that at low tip voltages the relatively low kinetic energy of the electrons results in electrostatic lensing near the specimen, which can cause the electrons to be deflected, as shown in Fig. 2d . While the deflections in Fig. 2d are due to the charging of the TEM grid, the images prove the sensitivity of the microscope to weak electric fields. While normally electrostatic distortions are considered detrimental to image formation in a conventional high energy TEM, we plan to use this sensitivity to follow the dynamics of ultrafast laser induced fields.
Combining the techniques of a point projection microscope with an ultrafast field emission source gives the microscope some advantages over traditional electron microscopes. Because of the very small distances between the electron source and sample the electron pulse has no time to broaden or disperse. This may allow temporal resolutions on the 10 femtoseconds to be attained, while also having spatial resolution better than ~10 nm at low tip voltages 3 . This high temporal and spatial resolution will allow us to follow dynamics in a number of nanoscale systems. 
